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Effect of routine zinc supplementation on pneumonia in
children aged 6 months to 3 years: randomised controlled
trial in an urban slum
Nita Bhandari, Rajiv Bahl, Sunita Taneja, Tor Strand, Kåre Mølbak, Rune Johan Ulvik,
Halvor Sommerfelt, Maharaj K Bhan

Abstract
Objectives To evaluate the effect of daily zinc
supplementation in children on the incidence of acute
lower respiratory tract infections and pneumonia.
Design Double masked, randomised placebo
controlled trial.
Setting A slum community in New Delhi, India.
Participants 2482 children aged 6 to 30 months.
Interventions Daily elemental zinc, 10 mg to infants
and 20 mg to older children or placebo for four
months. Both groups received single massive dose of
vitamin A (100 000 IU for infants and 200 000 IU for
older children) at enrolment.
Main outcome measures All households were visited
weekly. Any children with cough and lower chest
indrawing or respiratory rate 5 breaths per minute
less than the World Health Organization criteria for
fast breathing were brought to study physicians.
Results At four months the mean plasma zinc
concentration was higher in the zinc group (19.8 (SD
10.1) v 9.3 (2.1) ìmol/l, P < 0.001). The proportion of
children who had acute lower respiratory tract
infection during follow up was no different in the two
groups (absolute risk reduction − 0.2%, 95%
confidence interval − 3.9% to 3.6%). Zinc
supplementation resulted in a lower incidence of
pneumonia than placebo (absolute risk reduction
2.5%, 95% confidence interval 0.4% to 4.6%). After
correction for multiple episodes in the same child by
generalised estimating equations analysis the odds
ratio was 0.74, 95% confidence interval 0.56 to 0.99.
Conclusions Zinc supplementation substantially
reduced the incidence of pneumonia in children who
had received vitamin A.
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Introduction
Zinc deficiency is common in children in developing
countries because of low food intake, particularly from
animal sources, limited zinc bioavailability from local
diets, and losses of zinc during recurrent diarrhoeal ill-
nesses.1 2 Zinc deficiency leads to impairment in
immunological and other defences that increases rates

of serious infections.3–9 Trials of zinc supplements are a
reliable method of assessing the health consequences
of zinc deficiency. In developing countries a signifi-
cantly lower incidence and prevalence of diarrhoea has
consistently been observed in children given zinc sup-
plements.2 10 11

Lower respiratory tract infections are a common
cause of death in childhood. The effect of zinc supple-
mentation on such infections is still unclear. Two of the
published trials that found no significant effect were
small.2 Another relatively larger trial reported a 45%
reduction in the incidence of pneumonia,12 but the cri-
teria for its diagnosis included high fever, a sign that is
not diagnostic for pneumonia nor an established indi-
cator of its severity.

We evaluated the impact of daily zinc supplementa-
tion in preschool children who had received a large
dose of vitamin A, a routine practice in this setting, on
the incidence of acute lower respiratory tract infections
and pneumonia.

Methods
Study setting
The trial took place in the urban slum of Dakshinpuri
in New Delhi, India, comprising 15 000 dwellings and
75 000 inhabitants. Recent data from a neighbouring
community indicated that childhood malnutrition, zinc
deficiency, diarrhoea, and lower respiratory tract infec-
tions were common.3 11 12

Randomisation and masking
We included children if their parents gave informed
consent. Eligible children were individually ran-
domised by a simple randomisation scheme in blocks
of eight. The randomisation scheme was generated by
a statistician at Statens Serum Institut, not otherwise
involved with this study, using SAS software. Zinc or
placebo syrups were prepared and packaged in
unbreakable bottles by GK Pharma ApS, Koge,
Denmark, who also labelled bottles with a unique child
identification number according to the randomisation
scheme. Six bottles, one for each month and two extra,
for each child were produced and labelled before
enrolment commenced. The supplies for each child
were kept separately in labelled plastic bags. The zinc
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and placebo syrups were similar in appearance, taste,
and packaging. Masking was maintained during analy-
ses by coding the groups as A or B.

Enrolment and intervention delivery
Enrolment commenced on 15 February 1999. All chil-
dren aged 6 to 30 months in the community were
identified through a survey. We excluded children if
consent was refused, if they were likely to move out of
the study area within the next four months, and if they
needed urgent admission to hospital on the enrolment
day or had received massive dose of vitamin A
(100 000 IU for infants and 200 000 for older children)
within the two months before enrolment. The follow
up of the last child was completed on 30 September
2000.

Doses of elemental zinc were 10 mg for infants and
20 mg for children (twice the recommended daily
doses) as zinc gluconate. Zinc or placebo was taken
daily for four months. An attendant administered the
syrup daily for four months except on Sundays, when
the mother administered it. One bottle containing 250
ml was kept in the child’s home and replaced monthly.
Immunisations and treatment for acute illnesses were
provided as per World Health Organization guide-
lines.13 Children with acute lower respiratory tract
infections received co-trimoxazole. Amoxicillin was
substituted if the child did not respond within three
days. Children were sent to hospital if they had signs
and symptoms that warranted referral according to
WHO guidelines.13

We used Seca Salter scales and locally manufac-
tured length boards that read to the nearest 0.1 kg and
0.1 cm respectively to assess growth at enrolment. The
study was approved by the All India Institute of Medi-
cal Sciences ethics committee. Informed written
consent was obtained from community leaders and
parents. Signatures or thumb impressions were
obtained on consent forms and a copy left with the
family.

Measurement of outcomes
Field workers visited each child every seventh day dur-
ing the entire study. At each visit, mothers were asked
about fever, cough, other characteristics of illness, and
whether they had sought treatment for the child in the
previous seven days. Respiratory rates were counted
twice for one minute each and the temperature
recorded. Children with cough and respiratory rates
>35/min at age >12 months and >45/min at < 12
months or lower chest indrawing were brought to
study physicians for assessment. We used the cut offs of
5 breaths/min below the WHO criteria for fast breath-
ing to maximise detection of acute lower respiratory
tract infections and pneumonia. Two study physicians
examined and repeated measurements of respiratory
rate, clinical indicators of hypoxaemia, and ausculta-
tion. In cases of disagreement, a senior paediatrician
assessed the child. Mothers were encouraged to bring
their children to the study clinic whenever they were ill
and they were similarly assessed.

Acute lower respiratory tract infections were
defined by cough and fast breathing or lower chest
indrawing as assessed by the physician; other clinical
signs were not taken into account.13 Fast breathing was
defined as two counts of >50 breaths/min for infants
and >40 breaths/min for older children. The day of

onset of infection was the first day when this combina-
tion was detected. The day of recovery was the day after
the last day when this combination was present. Pneu-
monia was diagnosed either by a combination of
cough with crepitations or bronchial breathing by aus-
cultation or as an episode of acute lower respiratory
tract infection associated with at least one of lower
chest indrawing, convulsions, not able to drink or feed,
extreme lethargy, restlessness or irritability, nasal
flaring, or abnormal sleepiness. For episodes to be
counted as individual, there had to be at least 14 inter-
vening days.

Sample size
We calculated sample sizes for 80% power with 95%
level of confidence. We took values for the control
group from a previous study in an adjacent slum,
which reported 0.41 episodes of acute lower respira-
tory tract infection and 0.12 episodes of severe acute
lower respiratory tract infections or pneumonia per
child per four months.12 We required 907 children per
group to detect a 20% or greater reduction in
incidence of acute lower respiratory tract infections. We
required a larger sample size of 1234 per group to
detect a 30% or greater reduction in incidence of
pneumonia.

Plasma zinc
At enrolment and at the end of the study we collected
samples of non-fasting venous blood (about 5 ml) in
zinc-free heparinised polypropylene tubes (Sarstedt,
Nümbrecht, Germany) between 9 am and 12 noon.
The samples were centrifuged and plasma transferred
to zinc-free polypropylene vials (Eppendorf, Hinz,
Germany) for storage at − 20°C. About half of the
plasma samples were analysed for zinc by a standard
flame furnace atomic absorption spectrophotometer
technique (GBC Avanta, Dandenong, Victoria, Aus-
tralia) and the other half by inductively coupled plasma
atomic emission spectrometry (Ash IRIS/AP, Thermo
Jarell, MA, USA) using SERONORM (Sero AS, Billing-
stad, Norway) as the reference standard in every batch
of 20 samples in both methods. The two methods were
calibrated to give the same results before we started to
analyses study samples.14 15

Standardisation and quality control
We used a study manual describing standard operating
procedures. Standardisation exercises were done to
achieve agreement within and between study person-
nel for measurement of respiratory rate and anthro-
pometry every three months. All physicians had some
experience in paediatrics and were retrained in the
recognition of crepitations, bronchial breathing, and
wheezing by a senior paediatrician every three months.

Supervisors monitored field workers’ activities.
Independent supervisory checks to inquire about daily
dispensing of the syrup (0.5% of total visits) and to
authenticate the data collected at morbidity visits (1%
of total visits) were made. Field workers were addition-
ally observed at home visits (1% of visits) to assess
counting of respiratory rate, measurement of tempera-
ture, and assessment of lower chest indrawing.

Data management and analysis
The forms for the study were designed with FoxPro for
Windows (Microsoft Corporation, Redmond, Washing-
ton, USA) and range and consistency checks
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incorporated. Double data entry by two data clerks fol-
lowed by validation was completed within 48 hours. We
compared incidence of acute lower respiratory tract
infections or pneumonia in the two groups and calcu-
lated absolute risk reductions with their 95%
confidence intervals.16 For the person time analyses, the
denominator was the days for which reliable infor-
mation about illness was available.

To account for the correlation of multiple episodes
in the same child, we used generalised estimating
equations for longitudinal data analysis. The surveil-
lance data for each child were divided into eight child
periods of 15 days each. To be included in this analysis
a child had to contribute at least 15 days of follow up to
the denominator. In the generalised estimating
equations model, occurrence of a new episode of acute
lower respiratory tract infection or pneumonia in a
child period was modelled as a binomial dependent
variable and group allocation (zinc or placebo) as the
independent variable. The model used a logit link,
binomial variance, and exchangeable correlation.

Statistical analysis was performed with Stata,
version 6 (StataCorp, College Station, TX).

Results
We identified 3802 children and randomised 2482.
The children in the two groups were comparable for
age, anthropometry, child feeding practices, morbidity
in the previous 24 hours, socioeconomic characteris-
tics, and plasma zinc concentration (table 1). The figure
shows the flow of the participants through the study. Of
those randomised, 1093 (88%) children in the zinc
group and 1133 (91%) in the placebo group remained
in the trial at the last scheduled household visit.

Ninety per cent of intended intervention doses
were administered to the trial children. There was a
small but significant increase in the average number of
days with vomiting in the zinc group (4.3 (SD 5.8) v 2.6
(SD 3.9); difference in means 1.7, 95% confidence
interval 1.3 to 2.1). Only eight children in the zinc
group and none in the placebo group discontinued the
intervention because of vomiting.

Intervention efficacy
The mean plasma zinc concentration was significantly
higher at the end of the study in the children who
received zinc supplementation (19.8 (SD 10.1) v 9.3
(SD 2.1) ìmol/l, P < 0.001 non-parametric test). The
change from enrolment was also substantially higher
in the zinc group (10.4 (SD 10.0) ìmol/l) compared
with the placebo group ( − 0.3 (SD 2.2) ìmol/l,
P < 0.0001 non-parametric test).

Acute lower respiratory tract infections
In the child based analyses, 425 children in the zinc
group and 423 in the placebo group experienced at
least one episode of acute lower respiratory tract infec-
tion (absolute risk reduction − 0.2%, 95% CI − 3.9% to
3.6%).

In the person time analyses, the incidence of acute
lower respiratory tract infections was 0.53 and 0.54
episodes per four month child period of actual follow
up in zinc and placebo groups respectively (absolute
risk reduction 1%, − 2.9% to 5%). As multiple episodes
of acute lower respiratory tract infections in a child
may not be independent we performed a generalised

estimating equations analysis to correct for this
correlation. The results of this analysis were similar to
those of the uncorrected analysis (odds ratio 0.98, 0.86
to 1.13, table 2).

Pneumonia
Eighty one children in the zinc group and 112 in the
placebo group had at least one episode of pneumonia
(absolute risk reduction 2.5%, 0.4% to 4.6%). The
number needed to treat was therefore 40—that is, sup-
plementation of 40 children would be expected to pre-
vent one child from having from pneumonia.

In the person time analyses, the incidence of pneu-
monia for the four month child period was similarly
lower in the zinc group (absolute risk reduction 2.4%,
0.2% to 4.6%). The findings were similar in the general-

Table 1 Baseline characteristics of children aged 6-30 months randomised to receive
daily twice recommended daily allowance of zinc and included in analyses. Figures are
number (percentage) of children unless stated otherwise

Characteristic Zinc group n=1241 Placebo group n=1241

Mean (SD) age (months) at
enrolment

15.6 (7.5) 15.0 (7.4)

Boys 618 (49.8) 682 (55.0)

Breast fed 858 (69.1) 865 (69.7)

Prevalence in previous 24 hours:

Cough 374 (30.1) 375 (30.2)

Fever 108 (8.7) 91 (7.3)

Fast breathing 58 (4.7) 54 (4.4)

Reported diarrhoea 142 (11.4) 154 (12.4)

Literate mother 804 (65.1) 788 (63.5)

Median (interquartile range) annual
family income (rupees)

36 000* (24 000-54 000) 36 000* (24 000-54 000)

Mean (SD) weight (kg) 8.1 (1.6) 8.0 (1.6)

Mean (SD) length (cm) 73.0 (7.1) 72.4 (7.2)

Plasma zinc†:

Mean (SD) concentration (ìmol/l) 9.5 (2.2) 9.51 (1.7)

<8.4 ìmol/l 364 (29.8) 317 (25.8)

<9.2 ìmol/l 572 (46.8) 528 (43.1)

*£510 (€829, $738).
†Available for 1222 children in zinc group and 1226 children in placebo group.

Children aged 6-30 months
identified by door to

door survey (n=3802)

Randomised (n=2482)

Placebo (n=1241)Zinc (n=1241)

Available at last scheduled
household visit (n=1133)

Available at last scheduled
household visit (n=1093)

Excluded
Non-consent - 678 (17.8%)
Likely to move in next four
  months - 567 (15%)
Received vitamin A in previous
  two months - 56 (1.5%)
Illness requiring admission to
  hospital - 19 (0.5%)

Lost to follow up
before last schedule
household visit:
  Refused further
    participation - 21
  Moved - 84
  Died - 3

Lost to follow up
before last schedule
household visit:
  Refused further
    participation - 45
  Moved - 103

Four month child periods
of actual follow up

contributed by all 1241
randomised children

(n=1120)

Four month child periods
of actual follow up

contributed by all 1241
randomised children

(n=1100)

Trial profile
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ised estimating equations analysis (odds ratio 0.74, 0.56
to 0.99, table 2).

The number of children admitted to hospital for
any cause was lower in the zinc group (absolute risk
reduction 0.6%, − 0.5% to 1.8%). Three children, all in
the placebo group, died.

Discussion
Daily zinc supplementation of infants and young chil-
dren in a relatively deprived population prevented one
quarter of the episodes of pneumonia in children, all of
whom had received the recommended dose of vitamin
A. Zinc supplementation had no effect on acute lower
respiratory tract infections defined by cough and fast
breathing or lower chest indrawing. Routine adminis-
tration of zinc may therefore be effective in preventing
severe rather than mild illness. Previous trials have
shown that zinc supplementation has a large effect on
the incidence of severe but not mild diarrhoeal
illness.2 10 11

The WHO definition of acute lower respiratory
tract infections that is commonly used in primary care
programmes aims at high sensitivity for detection of
true pneumonia at the expense of some loss in specifi-
city. In our study, acute lower respiratory tract
infections by WHO criteria had 80% sensitivity but
only 69% specificity using physician diagnosis by
auscultation as gold standard. Lack of specificity in the
diagnostic criteria for measuring study outcomes
biases the risk or rate ratio towards null values.17 This
may be an alternate explanation for the observed
impact on pneumonia but not on acute lower respira-
tory tract infections. We defined pneumonia by
findings on auscultation or as acute lower respiratory
tract infections associated with one or more previously
validated indicators of severity.18–21 Notably, the
inclusion of high fever as one of the criteria for pneu-
monia in addition to cough and fast breathing or chest
indrawing, as used in a previous zinc supplementation
trial,12 did not change the effect sizes (data not shown).

In a recent study in Bangladesh there was a signifi-
cant reduction in the incidence and prevalence of
acute lower respiratory tract infections in children sup-
plemented with both zinc and vitamin A. In children
who received zinc alone, however, incidence and
prevalence increased.22 We did not examine this issue

because vitamin A was given to all the children for
ethical reasons. However, in a pooled analysis two of
the four studies used zinc without vitamin A but did
not report any increased respiratory morbidity.2

We chose twice the daily recommended dose for
supplementation to allow for possible impairment in
absorption of ingested zinc among children because of
bacterial overgrowth and protozoal or parasitic infesta-
tions and to compensate for excessive intestinal zinc
losses during diarrhoeal illnesses.23–25 Comparison of
the effect sizes in the our study with those in earlier
trials that used the daily recommended dose is difficult
because of differences in the diagnostic criteria used
for pneumonia.

Prevention of pneumonia by optimising zinc
intakes is biologically plausible. The low mean plasma
zinc concentrations at enrolment show that deficiency
was common in these children. Supplementation
improves immune functions, including delayed cutane-
ous hypersensitivity, and increases the number of CD4
(helper) lymphocytes.26 27 In experimental models zinc
deficiency has been shown to impair cellular and
humoral immune function.27 28

Possible limitations of study
As the children in our trial were a representative
sample of a well defined low income community, our
findings are generalisable to populations with similar
dietary and morbidity patterns. We did not include
young infants, but recent reports of a decline in
mortality in infants aged 1-9 months who were small
for gestational age and received zinc supplements
suggests benefits at this age, particularly in areas where
low birth weight is common.2 As all children in our
study received a large dose of vitamin A, the effects
reported can only be generalised to such children.
Most developing countries supplement children aged
6 months to 5 years with large doses of vitamin A every
four to six months.

Radiology, the ideal method for diagnosis of pneu-
monia, was impractical to use under field conditions.
Nevertheless, rigorous training was provided to the
study physicians to achieve acceptable levels of
variability within and between observers in arriving at
the diagnosis. Furthermore, sufficient supplies of syrup
were produced at the outset, and all the bottles for a
particular child were labelled by a unique child identi-

Table 2 Impact of zinc supplementation on acute lower respiratory infections, pneumonia, and admissions to hospital for all causes in children aged
6-35 months during four months of follow up

Zinc Placebo Absolute risk reduction (95% CI) Odds ratio* (95% CI)

Child based analysis

No of children 1241 1241 — —

No (%) with >1 episodes of acute lower
respiratory tract infections

425 (34.2) 423 (34.1) −0.2% (−3.9% to 3.6%) —

No (%) with >1 episodes of pneumonia 81 (6.5) 112 (9.0) 2.5% (0.4% to 4.6%) —

No (%) admitted to hospital for any cause 21 (1.8) 30 (2.4) 0.6% (−0.5% to 1.8%) —

Person time based analysis†

No of four month child periods 1100 1120 —

Acute lower respiratory tract infections:

Total episodes 581 594 —

Episodes per four month period 0.53 0.54 1% (−2.9% to 5%) 0.98 (0.86 to 1.13)

Pneumonia:

Total episodes 88 118 —

Episodes per four month period 0.08 0.105 2.4% (0.2% to 4.6%) 0.74 (0.56 to 0.99)

*After correction for correlation of data by generalised estimating equations.
†Person time for each child was calculated as total follow up days when reliable informant was available.
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fication number to ensure complete masking of the
observers.

Conclusions
The findings of current and previous studies show that
improving zinc status in deficient populations should
substantially reduce serious morbidity. Prompt meas-
ures to improve zinc status are therefore warranted,
given the substantial and consistent reduction in severe
diarrhoea and pneumonia in supplementation trials.
The possible approaches include food fortification,
dietary diversification, cultivation of plants that are
zinc-dense or have a decreased concentration of zinc
absorption inhibitors or supplementation of selected
subgroups.
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What is already known on this topic

Mild to moderate zinc deficiency is common in
children in developing countries and increases the
risk of respiratory morbidity

What this study adds

A third of children from low socioeconomic
classes in India have low plasma concentrations of
zinc

Routine zinc supplementation of such children
aged 6 months to 3 years substantially reduced the
incidence of pneumonia
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